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THE APOLLO STANDARD INITTATOR
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Apollo Spacecraft Project Office
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CONCEPT DEVELOPMENT

Pyrotechnic devices and systems have

most critical functions in the Apollo
pol
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selected to perform many of the
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craft system because of Their

high power-to-weight ratio, their small size and their high reliability.

These factors combine to permit the achievement of the extremely high
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The philosophy adapted for the Apollo

have the capability of

the electro-explosive initistor is the heart,

iability apportioned to the flight s

sbort during any vhase of the flight mission.

afety functions.

gpacecraft is that the crew shall
Since

and probably the most critical

component of any electrically actuated pyrotechnic system, the relisbility

apbortloned to the initiator has
confidence level of 90 percent.

initiator requires 2,303 firings

Coviously, if a number of "makes

the reliability demonstration of
standpoints of both time and cost.

tor could be used, this demonstration could be more easily a

been established at 99.9 percemt with a S

To demonsurate this rellablllty for any

without failure.

and models" were used in the spacecralt,

gll of them would be prohibitive from the
~ If, on the other hand, a single initia-
tteined., By
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At the time the Standard Initiator concept was originally established Tor
Project Apollo, it was desired to obtain a single device capable of per-
forming three basic functions, namely, (1) initiate propellent charges,

(2) initiate high explosive charges, and (3) operate directly small hot-

as-operated devices. It soon became apparent that while such a device might

0y

be within the state of the art, the time and cost of development were largely
indeterminate. It was therefore necesssry to modify the original concept and
to use a conversion module for the detonation of high explosives. The Apollo
spacecrait, therefore, uses a standard initiator which, by itself, performs
two of the desired functions and is assembled into a standard detonator car-

tridge (Figure 1) to perform the third function.
SPACECRAFT AFPLICATIONS

As an independent pressure cartridge the initiator directly operates & Tew
small devices such as explosive switches in the electrical power distribu-
tion system and explosive velves Iin the command medule reaction control

system. The applications are relatively few however, and for most appli-

cations in the spacecraft the initiator is factory assembled (welded) into

a family of general and special purpose cartridges (Figure 2).
Pregsure Cartridges (Special Purpose)

For applications where a high pressure aﬁd/or a large volume of high pres-
sure propellent gas is required, the standard initiator is assewbled (welded)

into appropriastely sized pressure cartridges. At present, three such cartridges




are required:

Type I: Drogue parachute mortar o R S

Type IT: Main parachute pilot mortar
Type ITI: Forward heat shield separation system (a thruster system),

The output of these three cartridges ranges up to 18,000 psi in a 10 cec

volume.

Igniter Cartridge (General Purpose)

This cartridge converts the output of the initiator to one suitable for
ignition of pyrogen units and pellet baskets of rocket motors. The cutput
of this cartridge is 600 calories (minimum) and 2,100 psi in a 10 cc volume.
The cartridge replaces the originally used EBW initiators to ignite the
three rocket motors in the launch escape system. The physical dimensions
of the cartridge were selected to retrofit directly into existing rocket
hardware. In the conversion from EBW to hot-wirerignition there has been

no discernable change in the motor ignition characteristics.
Detonator Cartridge (General Purpose)

This cartridge converts the initiator output to one having characteristics
suitable for reliable detonation of high explosive charges. ILike the initi-
ator, the detonator cartridge is both field-assembled into explosive systems
and factory-assembled (welded) into specialized cartridges. As an independent
unit the detonator cartridge iz used with variocus linear shaped charge systeums

such as that used for separating the service module from the adapter after

insertion of the spacecraft into trans-lunar trajectory. The detonator,

“Fm



welded into specialized cartridges, is used for such applications as the

launch escape tower separation bolt.
Cverall Usage in the Spacecraft.

Figure 3 shows the presently defined applications of the initiator and the
initigtor-based cartridges. These applications do not include any of those

for the Lunar Excursion Module (LEM) since these have not yet been defined,

nowever, all pyrotechnic functions in the LEM will be initiated by the Apollo

Standard Initiator. Based on the experience of Projects Mercury and Gemini
it appears very likely that the totsl number of initiators shown in Figure 5
will at least double during the course of development of the Apollo S§acé—

craft system.
GENERAL DESIGN CONSIDERATIONS

Size and Weight

As Tor all spacecraft devices, the size and weight of the initiator are
extremely important. By itself the weight of the initiator is almost in-
significant, however,the aggregate weight of all initiators carried in the
gpacecraft canvbe important. Every Apollo component is carefully analyzed
to determine if even ounces can be eliminated, for 1 pound added to the
spacecraft, requires carrying an aedditional 1.37 pounds of propellant for
the spacecraft propulsion system. The size of the initiator is also criti-
cal; where 1t is not practicable or possible to provide redundant pyrotechnic

devices the next best approach is to provide redundant initiators on ecac

M
by
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device. TIf the size of the initiator is not sufficiently small then the

device may have to be enlarged.

Bridgewire Redundancy T Co T

Eased on the experience of Project Mercury it 1s very probable that addi-
tional pyrotechnic functions will be added and the location and configura-
tion of now defined devices will be altered during the course of Project
Apollo. It may become necessary to provide Ior contingencies wherein only

a single initiator can be used in a device and where redundancy of devices
is dimpossible. In such instances the redundancy of the electro-explosive
interface in the initiator is essential, even though it would require
routing of the firing leads from both power sources through a single initi=-
ator connector, To provide for such contingencies, a dual bridgewire system

(four pins) was selected for the Standard Initiator. o
Environmental Conditions

The envirormental conditions experienced by the initiators in the spacecraft
will vary according to their location and the degree of protectiqgﬁéfforded
by the spacecraft structure. No specific degree of protection can be as-
sumed since all locations of the lnitiator are not yet defined. It is there-
fore imperative to establish "worst conditions” as the environmental require-
ments. The environments selected as the operating, or mission, enviromments
for the initiator are, essentially, those anticipated for equipment mounted
on the external surface of a lunar mission spacecraft with minimum special

protection. The more rigourcus environments are outlined in Figure L.

-5-



Naturally, the device must also meet the normal enviromnmental requireme
Fool-~proofing

T ear

ernes
and those associated with storage, handling, and shipping.

An extremely important consideration in the design of initiators, in fact
in the design of all

ztion of the device

quently receives all

pyrotechnic devices, 1s the prevention of misinstal-
systews.

and misconnection of firing leads. This problem fre-
too little consideration in the design of devices and
It must be

assumed that if it is physically possible to install
the device in the wrong place, or to connect the wrong firing leads, some-
where or sometime this will be done.

As a result of previous spacecra

BN
+

L

possible) and, slso,

experience the Apollo philosophy 1s to-
design every pyrotechnic device and system so that a person with very lit-
tle training can install the devices properly (while wearing mittens, if

or connect the wrong

to design it so that he cannot install it elsewhere
Tiring leazds.
Note (Figure 2) that

the output ends of all threaded devices differ in
size and thread with
tridge.

one exception, that of the detonator and igniter car-
This situation was unintentionsl

this example illustrates a dangerous trap
is appropriate.

and is being corrected.

Since

for the unwary, an explanation
At first, each systems design group had responsibility
for procuring the pyrotechnic devices to be used in its systems; under these
circumstances, the coordination and configuration control of the pyrotechnics
was very difficult.

B

The propulsion group procured EBW initiators for the



motors in the launch system and the mechanical devices group procured the
detonators Tor separation systems - and both groups specified 9/16—185%?
threads, When motor ignition was changed to hot-wire it was deSiTédvaT

the new igriter cartridge to retrofit existing rocket motor hardware in
order o prevent delay of the motor firing program. When it was discovered
that the two devices were interchangeable it was decided that the'points of
installation of the igniter and detonator cartridges were sufficlently sep-
arated to reduée the possibility of misinstallation to an acceptable mini-
mum, especially since the physical configuration of the two devices differed
from each other. While this was acceptable as an interim solution, the

thread size of the igniter cartridge is being changed for spacecraft hardware.

Two positive actions have been taken by the prime contractor to preclude
similar situations from developing in the future, namely, (l) consolidation
of the responsibility for all pyrotechnic devices and systems (except rocket
motors) under a cenbral "Ordnance Systems" group reporting to the Manager of
“ructures Design, and (2) establishment of formal configuration control for

all pyrotechnics within the Ordnance Systems group.

The prevention of connecting the wrong firing leads to a pyrotechnic device
is another source of concern to the Apollo Spacecraft Project Office. An
obvious solution to such problems is, of course, the indexing, or.clbcking,
of the electrical connectors. Indexing low density items, however, lntro-
duces logistics and cost problems and, in effect, converts general purpose
to special purpose items. The igniter cartridge is a low density {tem which

will i1lustrate the problem and 1ts solution,



In the launch escape system of the Apollo spacecraft, two rocket motors

are mounted so that the installation points of the igniter cartridges are
only 8 inches apart (Figure 5). In this situation it is physically possible
for the four firing leads to be connected in z nuwber of combinations re-
sulting in one of the foilowing at ebort initiation:

1. Launch escape motor fires (normal, desired action).
2. Tower Jettison motor fires (catastroPhic failure because of insuf=-
ficient thrust to 1ift the command module from the service module).

3, Both motors fire (catastrophic failure because the capability to

jettison the tower and release the parachutes has been lost).

Initiator comnector indexing could solve this problem, however it would in-
troduce logistics problems since ohly 5ix igniter cartridges are required

per spacecraflt, using the principle of commonality. Specializing the initi-
gtors for these cartridges during initiator manufacture would aggravate the
logistics problem, It may be necessary to accept this solution because of
the importance of the functions inveolved, however, the proposed solution out-
lined below seems to be acceptable from both safety and logistics aspects and

is being considered.
Post-manufacturing System of Indexing

As indicated in Figure 6a, the initiator body (electrical end) can be manu-
facoured with a number of undercut indexing slots, e.g., of trapezoidal cross-
section, so that keys, either flush with the inner surface (Figure 6b) or.

protruding inwvardly (Figure 6c), can be fitted into all slots except one.

8-



The keys and keyways can be of such relative size that any key can be with-
drawn by a special tool, but not without the tool. The resulting configu-
ration (Figure 6d) is that of the standard initiator. At this point, the

initiator is a common item and can be assembled into any device,

The initiator cgn then be assenbled into detonator and igﬁitéchartridées.
The one otclock key is withdrawn from the detonator assemblies and the two
o'clock key from the igniter assemblies (Figures 6e and 6f). A gage is
used to insure that the proper keys have been withdrawn. Similarly, all )
pyrotechnic cartridges can be indexed as indicated in Figure Ta; when deto-
nators are assembled into special cartridges the connector can be further

indexed (Figure 7b).

Returning now to the specific problem of igniter cartridges, since commonality
in the manufacture of initiators is achieved, the major logistics problem has
been solved. Igniter cartridges received at any launch site (for exampie,
Cepe Canaveral) are all indexed 1252 and are interchangeable between the
three motors. When a flight kit is assembled for a specific spacecraft ary
ix cartridges (plus spares) can be withdrawn from storage. The six flight
articles can be indexed at this time to convert them for specific motors as
shown in Figure 8 and the spares left as common items to be indexed as may

be required later.

The indexing technigue explained above does not depend on a twelve slot
systen; it is readily adaptable to any current indexing or polarizing sys-

tems such as the Bendix PT series adopted for the Apollo spacecrarft.,



Once the connectors are indexed for specific motors it is essential that
one of the igniter cartridges be converted to a different thread size to
insure that, for example, the cartriége indexed for the tower jettison
motor cammot be installed in the launch escape motor., If the mating hole
in the _aunch escape motor is slightly laerger than that in the tower jet-
tison motor, the common ignition cartridge can be adapted to fit this hole,
To adapt the cartridge, a threaded adapter can be installed on the appro-
priate cartridge at the t;me the,conﬁector is indexed; with both ends of
the cartridges now indexed, fool-proofing can be achieved. Indexing and
installation of adapters can, of course, be performed at the cartridge ven-

dor's facility as well as at the launch site. This technique of indexing

is now being studied for application to all Apollo spacecraft pyrotechnics,

Although the foregoing has departed somewhat from the specific subject of
initiators the importance of fool-proofing both ends of all pyrotechnic

devices Justifies this rather lengthy discussion.
Shorted Mating Electrical Connector

From the previous experience on Project Mercury, shorting springs, clips
and other deviées of similay nature are considered inadequate from the
standpoints of safety in handling and protection of the Initistor pins.
Shorted, mating electrical connectors will be used on the Apollo Standard

initiator. It may be desirable, when using indexed comnectors, to provide

shaped, color coded and inscribed caps for the shorted connectors to facili-

tate identification of the specialized devices.

-10~



INITIATOR DESCRIPTION

Tecause of its developmental status the internal configuration of the
initiator will not be described at this time; This description will be

confined to a few of the salient features.

The initiator spécification control drawing is shown in Figure 9. The

body size has been minimized consistent with other requirements. The
wésher <g used to weld the initiator into other assemblies and may be

either integral with the initiator body or welded thereto. Provisiqn is
rade for the use of an O-ring in the field assenbly of the initiator to
other devices. A goal of 60,000 psi internal pressure capability has been
establisched since some of the Apollo pressure devices operate at over 13,000

psi at the present time.

The initiator will meet the Atlantic Misslle Range no-fire requirement of

1 ampere and 1 watt for 5 minutes (at 1650 ¥) and has an all-fire current

of 3.5 amperes. The bridgewire system consists of two Tiring circuits

{four pins), each with a single bridgewire of 1.0+ 0.1 ohns resistance welded

to the pins and flush against the ceramic header.
RELIABILITY ASPECTS OF THE STANDARD INITIATOR

The Apollo Standard Initiator is presently being developed by two sources
to & performance specification. These two competitive designs are both
being used in the development of the various spacecraft systems and both

will undergo qualification and extensive other evaluation tests. When



sufti c*ent data are avallable, one of the designs will be selected as the
spacecralt design, A design, manufacturing and quality assurance gpecifi-

cation will probably be written around the selected design to assure.iden=-

tity of all production items.

-£L

Since large numbers of initiators are being fired in supporting the develop-
ment and qualification of the various pyrotechnic devices and syséems for
the spacecraft, design deficiencies will be rapidly discovered. Further,
angiysis of the performance of the two initiators in these development
programs will assist in the evaluation of the competitive designs. éince
the performance and external configurstion of the two initiators are iden-
tical it i

5 also possible to exchange available 1n1t1¢tors from one system

development program to another as regulred.

Other advantages also accrue through standardization. The Apollo Space-
craft Project Office considers the electro-explosive interface to be the
most critical part of any pyrotechnic device. Because this interface is
entical on all initiators the firing of the initiator in one device can
provide data which can be directly related to firings in other de ,; ces .
thereby bullding confidence in the interface and in both devices at the same

time. The use of a standard "header" was considered but was discarded in

favor of the complete sbandard¢zea unit because of the capability of per-

N

Torwing lot acceptance ng tests on The initiators prior to their

installation in cartridges and other pyrotechnic devices, Of course, in

either the standardized header or complete item concepts, a failure in one

device reflects unfavorably on the reliability of other devices. With the

=12



standard initiator there is a bright side to the plcture even in this case,
for subsequent firings in a number of devices will rebuild confidence gquite

rapidly.

Cne technique that can be used to bulld confidence in the reliability of

& specific pyrotechnic device is to procure all devices for qualification,

-

elisbility assurance, device and systems tests, flight tests, and opers-

H

tional flights from a single lot., The various lot acceptance and systens
tests preceding the first flight will consume a large percentage of the
devices; and this percentage (bf devices fired) will increase with each
succeeding flight until the last one, during which the last of the lot will
be Tfired. In effect, this techmique results in an extremely large sample
size for lot acceptance testing. This Technique is being used on Project
Gemini and would probably be heneficial for many projects having a relatively

short life, one within the normal storage 1life of pyrotechnic devices.

o

Project Apollo, because of 1ts extended life expectancy, cannot adopt this
technique in its entirety although a modification of the technique can be
used., % is feasible to procure all initiators to be used on a given fligh
from the same lot and thereby enhance the relizbility of the most critical
area - the electro-explosive interface. Figure 10 illustraﬁésrthe use of
this single-lot technigue for & single flight of the Apolloc spacecraft (1ess
the IEM) - for example, in an extended orbital mission. The first column
shows the numbers of the various devices required for flight, the second
column an arbitrary but realistic and experience-based number of spares

K] Y

and the third column the number ¢f devices expected to be fired by the

- -

launch facility in preflight tests; the total of these columns is the nunber

~13-



of devices required at the launch site to support a single wmission. Simi-
larly, the next group of columns indicates the numbers of devices Ior lot

accepbance tests, verification tests (if desired), and the total number of
devices which must be manufactured. Assuming that each device incorporates

one initiator, the total number of initiators are indicated in the next

column. ain lot acceptance and verification test quantities are indicated
S >

resulting in a minimum lot size of ¥14 initiators to support the single mis-

Now, working from right to left and considering only the lot acceptance and
launch activity tests in which initiators are used, a total of 238, or 67.6
percent of the manufactured initistors will have been Tired prior to fiight
of the spacecraft. It should be noted here that The quantities required for
"veriTication tests" have been deducted from the total manufactured devices
and initiators, It seems reasonable that these tests, if performed, should
be included in the totals since every initiator and device is serialized

and complete traceabilityirgquired; thus t@e: can be no "behind-the-scenes"
tests of production items. If all tests indicated are considered then the
total fired rises to 72.5 percent of the manufactured initistors. These

figures do not include tests of systems and sub-systems at prime manufacturer

Tre single-lot technique can be used to cover more than one flight, provided
that the storage life of the devices is not exceeded. This, as in Project
Gemini, will result in progressive buildup of demonstrated reliability and

confidence. On the other hand, should each vendor of pyrotechnic devices

1k



use different initiators, the confidence and reliability demonstration would
be based only on the devices themselves and would be considerably less than

when using the Standard Initiator concept.
TRACEABILITY AND DATA COLLECTION

To achieve the maximum benefits from the standard initiator concept trace-
ability of all pyrotechnic devices and collection of data from all firings

of all devices are essential, The Apollo pyrotechnics program provides

for complete and immediate traceagbility of every initiator marmufactured.

These records show, by lot and serial number, all shipments of the initiators,
their marrisges into next higher assenblies (for example , into detonators)
and 2ll shipments of these assemblies, with the result that the current
location of every initiator is known at all times. OShould it be necessary,
every initiatdr and/or device from any given lot can be recalled or set

zside for re-examination very rapidly.

The data system will also provide for immediste reporting oI data taken
during any firing of initiators or pyrotechnic devices. The repor rted dats

will be continually analyzed to detect any deviation from specifications

-

and periodic reports of the demonstrated reliability of the lcts can be

published, The tracegbility featur; of the system will permit ready de~-

termination of compliance with the firing data reporting requirements.

Thus the total firing history of any lot can eventually be determined.
Turther, speclal analyses of the recorded firing data in off-limit condi~

tions can be made whenever desired.

~15-



At present, this data system is being established for the Apollo program
only, It will, however, be readily expandable to include all Apollo initi-
ators used by any activity. It appears that an expanded program would be

of bhenefit to all concerned, for the firing and traceability records obltained

from each user of the initiator could support all participating activities.
FUTURE PLANS

Several years ago the NASA Manned Spacecraft Center organized a "Pyrotechnics
Panel" consisting of representatives of all MSC Project Offices, the resezrch
and development divisions, and the organizational elements concerned with
safely, prefliéht and flight operéfiéﬁs of manned spacecraft. One goal of
this penel is the establishment of the performance and design requirements
for & Standard Manned Spacecraft Initiator. Although sll the requirements

have not yet been forimalized, many of the desired features have been incor-

T

porated into the Apollo Standard Initiator, which therefore represents an

Fe

MSC interim-standard device,

Other panel committees are studying other aspects of pyrotechnic devices

and systems such as test philosophy, methods, and instrumentation; storage

&nd handling téchniques; and identificgtion and traceability methods. The
results of panel activities are being incorporated into Project Apollo pyro-
technics insofar as the project schedule permits. The inclusion of the Apollo
data collection system into an overall MSC data system for all spacecrsft com-

ponents will probably be accomplished in the relatively near future. .
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